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...SPECIFICATION for coding in the device of Fig. 31 is illustrated in Fig. 
32. 

Examples of the unitary dictionary and the individual direction when 
the character sequence "ababcbaba . . . " are illustrated in Figs. 33 and 34. 

An example of the tree of the individual dictionary when the 
character sequence is coded, is illustrated in Fig. 35. 
In the example of Fig. 35... 

...directly connected to the root of the tree of the last character of the 
immediately preceding string, appears first, the character is taken as 
raw data and the single character is fed. 

An example of the code word is shown in Fig. 36. Mode 1 shows the case 
when the character directly connected to the root of the tree of each 
individual dictionary newly appears. 

In mode 1, the combination of the index 0, namely designating the raw 
data, and the raw data of the character is fed as the code word. 

When the index of the character or string other than 0 appears , the 
index in each tree is fed as the code word , as shown in Fig. 36. 

The flowchart of Fig. 32 will be discussed below. 

An initial condition setting step SI shows the case when 256 individual 



dictionaries are provided. However, in order to simplify the 
disclosure, coding of the character sequence, which the character. 
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Examples of the unitary dictionary and the individual direction when 
the character sequence "ababcbaba . . . " are illustrated in Figs. 33 and 34. 

An example of the tree of the individual dictionary when the 
character sequence is coded, is illustrated in Fig. 35. 
In the example of Fig. 35... 

. . .directly connected to the root of the tree of the last character of the 
immediately preceding string, appears first, the character is taken as 
raw data and the single character is fed. 



14/9/7 (Item 7 from file: 275) 

DIALOG (R) File 275:Gale Group Computer DB(TM) 
(c) 2005 The Gale Group. All rts . reserv. 



01102655 SUPPLIER NUMBER : 03542259 (THIS IS THE FULL TEXT) 

Data compression techniques. 
McCarthy, Michael 

Computers & Electronics, v22, p67 
Dec, 1984 

ISSN: 0745-1458 LANGUAGE: ENGLISH RECORD TYPE: FULLTEXT 

WORD COUNT: 3378 LINE COUNT: 00254 

TEXT: 

How would you like to nearly double the effective ASCII file storage 
capacity of your archive media, without hardware modifications, and without 
having to pay for the required software? 

OR, if you send ASCII files between machines by modern, how would you 
like to cut transmission times almost in half? Again, for free! 

Are you interested? 

Of course you are. At least for CP/M and MS-DOS, programs that are 
currently available in the public domain will let you accomplish these 
things . For other operating systems you can purchase such programs as 
Documax for the Apple. 

If you're using CP/M or MS-DOS and want the benefits of this software 
but don't care about the underlying technology, all you need to do is ask 
your neighborhood CP/M or MS-DOS expert how you can get copies of: 

SQ.COM (which compresses an ASCII file to about 60% of its original 
size) and USQ.COM (which recreates the original file from its compressed 
version) . 

Then ask about : 

LU.COM (which gathers several files into a single library file to 
save more disk space) , 

LRUN.COM (which fetches a .COM file from a library and runs it), 

LTYPE.COM (which types a [ compressed ] library text file) . 

But read on if you want to understand something about the way these 
programs work, how they were developed, and what are some novel 
applications of the ideas that underlie them. 

What is Data Compression ? 

Data compression is a way of sorting information so that it takes 
up much less space than it would using standard storage techniques. Because 
the data takes up less space, transmitting it from one place to another can 
also save time. 

The benefit is more data capacity per unit of physical storage (or 
more data transmitted per unit time) . However, there being no such thing as 
a free lunch, there are technical prices to pay. 

First, because the storage techniques are nonstandard, hardly any 
applications ,or utilities are able to cope with compressed data, so you 
need utilities to convert data, not only from standard to compressed 
form, but also back again. In addition, running these utilities takes time. 

Second, compressed data is less reliable than standard data: 
Imagine that you have an ordinary ASCII file. If a single bit in the file 
goes bad, then an occurence of the letter "c", say, might be changed to the 
letter "b." With the effect of a typo, the error often can be harmless 
(assuming that your operating system will continue to let you access the 
file) . 

The corresponding error in a compressed version of the same file 
would be a disaster. As you will see later, the damage would alter not only 
the "garbaged" letter but also every letter after it, in such a way that 
only an expert could reclaim it. But first let's explore what data 
compression is. 

F U Cn Rd Ths 

Cn y ndrstnd ths prgrph F crs y can Thts bcs y dnt nd vwls r spcl 
chrctrs t ndrstnd wrttn Nglsh 

(Can you understand this paragraph? Of course you can. that's because 
you don't need vowels or special characters to understand written English.) 
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Notice that by eliminating the vowels we have reduced the text to 
about 70% of its original size. The italic paragraph is an example of a 
(crude) data compression scheme. 

It works because most of the information in written English (or any 
written European language) is carried by the consonants. The vowels and 
punctuation add very little to the information content. They are in most 
cases nearly "redundant" and dispensable. All data compression schemes 
eliminate some kind of redundancy. 

the compression procedure we used above was very simple: 

1. Get the next character. 

2. If the character is a space, keep it. 

3. If the character belongs to the set a,E, 1,0,11, discard it. 

4. If the character is nonalphabetic, discard it. 

5. If the character is anything else, keep it. 

This " compression " procedure is easily programmed. However, no one 
today knows how to program a computer to perform the corresponding 
"decompression." We humans simply don't know how to express what the rules 
are, even though we use them intuitively. 

For example, take the "nd" in the phrase "dnt nd vwls." Must the "nd" 
represent "need?" Could it be "and?" Could it have been an abbreviation for 
"industrial?" How about "nod" or "node" or "nude?" 

you know that the word must have been "need" because only this 
reconstruction fits the context- -but no program today could have made that 
judgment because no program truly understands English (even though some 
very smart people have been working on this kind of problem for more than 
30 years) . 

The result is that for a computer environment we are going to need a 
different method, one that can be programmed for decompression as well as 
for compression . The compression procedure will have to identify 
redundancy and eliminate it. The procedure for reconstruction will have to 
be able to regenerate the original text precisely. Neither procedure will 
be permitted to rely on more than superficial knowledge of natural 
languages. We need to find a technique that compresses while it retains 
the full original text, character- f or-character . 

As you will see, we will end uo with an outline design for a utility 
program that accomplishes our goal while offering a compression of 
40-50%. Best of all, the utility that does it exists and is free, at least 
for CP/M and MS-DOS systems. (It's the SQ, for "SQueezer, " utility 
mentioned earlier.) 

The Development of the Concepts 

Data compression is as old as the telegraph. Telegraphs that 
transmitted text characters electrically may first have been used in 
Germany quite early in the 19th century. However, a telegraph that included 
a complete system for the economical transmission of text messages was 
invented (and more important, then developed) by Samuel F. B. Morse. Morse 
built a whole business around the goal of message transmission. He decided 
to base his charges on message word counts. Then, he designed a procedure 
to minimize the time required to send a message. (He assumed, correctly, 
that the service would be very popular and would be heavily loaded, with 
transmission line capacity being the limiting factor.) His procedure, of 
course, was "Morse code." 

A clever feature of Morse's code is that it exploits the 
letter- frequency characteristics of the English language. By and large, the 
most commonly used letters in English have the shortest encodements. for 
example, the letter "e" is used more often than any other, and it is the 
shortest symbol in Morse, consisting of a single "dot." In contrast, the 
Morse encodement of the infrequently used "q" is "dash-dash-dot-dash, " 
which takes 13 times longer to send than the dot for "e." 

Now, Morse was very clever, but he wasn't entirely scientific or 
mathematical in his approach. There is a betteer way, and he missed it. 
(But then, so did everybody else until around 1950.) This better way 
involves using a Huffman code, which generalizes and formalizes the concept 
of letter frequencies. It is particularly well-suited to computers. 

What Data Compression 

Programs Do 



The public domain program SQ.COM incorporates a Huffman code for 
shortening the number of bits required to represent text. (It also gives 
special treatment to repeating sequences of characters." Overall, SQ 
typically is able to "squeeze out" about 40% or so of an original ASCII 
file. 

Its decompression counterpart, USQ.COM ("USQ" for "UnSQueezer " ) takes 
filed produced by SQ.COM and restores them to their original ASCII format, 
bit-f or-bit . 

Both SQ and USQ work quite well. They are easy to use; they are 
reliable; and their documentation is more than adequate. Their author, Dick 
Greenlaw, did an excellent job. 

If you're tight on storage space and need SQ/USQ, then chances are 
excellent that you are also short of directory space and are limited in the 
number of files you can create (unmodified CP/M 2.2 is limited to 64 
directory entries) . Accordingly, you also want the LU (Library Utility) 
program along with its suite of related programs . 

LU and its relatives allow you to package a collection of separates 
files into a single "library" file with its own embedded (sub) directory . 
The files may be compressed or not. The related programs allow you to 
load and execute a .COM file embedded in a library, to type a compressed 
library subfile, and so on. LU also has the side benefit of conserving disk 
space; short files waste much less space when in library files than when 
they are stored on an individual basis. All in all, this software is 
valuable, well worth tracking down. 

How Data Compression Works 

Suppose that we are dealing with a stream of characters represented 
by 8 -bit bytes (which is how ASCII text is actually stored in your 
computer) . In principle, any single byte could contain one of 256 possible 
values, shown here in 8 -bit binary: 

In practice, however, ASCII files consist of text and/or numbers 
and/or special characters, like "$." Even counting letters twice (for upper 
and lower case) , we get along very nicely with a total of only 96 symbols 
to be represented. 

Indeed, a rudimentary compression scheme would simply express the 
96 codes actually used not with 8 bits, but with only 7 bits (which allows 
for 128 possibilities) . 

But this method saves us only 1 bit in 8, or 12.5%. We can do better 
than this --much better- -if we assume that we are dealing with text, because 
we can exploit the idea of letter frequencies. 

We'll invoke Pareto's law, named after the Renaissance Italian 
mathematician who formulated a rule about relative frequencies of things in 
human events. He noticed that 80% of the revenue of a typical business 
tended to be generated by 2 0% of its customers, 80% of its inventory value 
was tied up in 20% of the inventory items, and so on. 

Well-known as the "80/20 rule," this idea has inestimable value to 
businesspeople and managers. The philosophical importance of the 80/20 rule 
is that if you do a good job on 20% of the issues, you will be solving 80% 
of your problems. (Whence the phrase "80% solution.") 

Applying Pareto's law to text compression , if we do a good job of 
compressing the 20% of characters that make up 80% of our text, then the 
overall scheme very likely will be reasonably efficient, even if no attempt 
is made to optimize for the relatively infrequent characters that make up 
the remaining 80% of the possible characters. 

To a first approximation, the four most commonly encountered symbols 
will be, in decreasing order of frequency: 

Ignoring for the moment how to encode all the other characters, we 
will encode just these four, in binary, as follows: 

This is a variable -length code. The first bit tells us whether the 
symbol being represented is "space." If it isn't "space" (first bit isn't 
1) , then the second bit tells us whether it's "e." If it isn't "e" (second 
bit isn't 1), then the third bit tells us whether it's "t" ... and so on 
through all the characters of interest, in order of decreasing frequency. 

This code works neatly. If we assume that for English text the 
average word length is five characters, then every sixth character or so 
will be a space. Thus about 1/6, or 17%, of our characters will be 



represented by a single bit instead of 8 bits. 

The letter "e" will not be as common as "space, " but we still will 
require only 2 bits to express it (rather than 8), so we're still way 
ahead. 

Now it is easy to see that we could extend this idea indefinitely, 
taking 5 bits for the 5th most common character, 6 bits for the 6th most 
common, and so on. 

However, it also seems intuitively clear that, at least for English 
text, it would be dumb to use 9 bits to represent the 9th most common 
character, given that we can represent any character at all with just 8. 

Evidently, at some point we need to change gears and deviate from a 
strict Huffman code. In fact, let's make the changeover point 4 bits, just 
as outlined above. Now the encodement for anything except "space," "e, " 
"t," or "a" will begin with 0000. 

Now for a crucial trick: 

After 0000, let's always use all of the next 4 bits to represent a 
single character. In those next 4 bits we can express 16 possible values. 
Let's use 15 of those 16 values to represent the 5th through 19th most 
common characters . 

What about the 16th possible 4-bit value? We'll use it as an "escape 
code." Let's say that the escape code is 0000. Then whenever we see 0000 
(not "space/e/t/a") followed by another 0000, we have a signal that 
whatever is to be represented is not one of the 19 most common characters. 

How small we represent lower- frequency characters? By Pareto ' s law we 
might as well represent such infrequent characters with their real full 
8 -bit codes. Such situations occur sufficiently infrequently that they are 
not worth optimizing. 

To summarize: We use anywhere from 1 to 4 bits to represent each of 
the four most common characters. For any of these characters the win is 
big, a saving of anywhere from 4 to 7 bits (when compared to a full 8 -bit 
ASCII code) . 

We use 8 bits to represent the 5th through 19th most common ones. 
Here there is no win, but no loss either. 

Finally, we use 16 bits (0000 followed by 0000 followed by a full 
8 -bit code) to represent everything else. Using these, of course, is 
tremendously inefficient when we consider such characters by themselves. 
But when we look at the overall statistics, we win big (1-4 bits) much more 
often than we lose big (16 bits) . 

Now let's add one more level of complexity for dealing with 
repetitious sequences of a given character. Instead of using one escape 
code, let's use two. The first escape code has the meaning earlier 
described. The additional escape code is for repetition. It means: Take the 
next 4 bits as a count; take the 4 bits after that as a Huffman code (with 
the option to expand to 8 or 16 bits as necessary) . 

This works well for lengthy repetition sequences of the same 
character, typically spaces. (For short sequences it would be better to 
encode the spaces as a short sequence of 1 ' s . ) 

The overall scheme will win only if the four most common characters 
drastically dominate the actual letter frequencies. Fortunately they do. In 
fact, the frequencies are so biased in favor of the four most common 
characters (or repeated spaces) that the resulting "bit stream" tends to be 
around half the length of the original stream of 8 -bit ASCII characters. 

Adaptive Encoder Program 

The length will be halved for most English text, but it may not be 
true for other languages or for other applications (such as storing program 
source files) . We can get around this limitation by building an "adaptive 
encoder" program that will work with any ASCII file. 

The adaptive encoder would make ,two passes over the ASCII file to be 
compressed . During the first pass it would read the file, building a table 
of the 2 56 possible ASCII byte values and counting the number of times each 
value occurred in the original ASCII file. 

The encoder then would select the four most common values and assign 
them to the four variable -length codes. The next 14 characters that 
appeared most frequently would be assigned to the set of 8 - bit 
codes. Finally, all the remaining characters would be assigned to the set 



of 16 - bit codes. 

Armed with the actual frequency of occurrence of each character, 
during the second pass the encoder would create its output file, making the 
substitutions decided upon at the end of the first pass. 

Note that the file doesn't have to be English text. It could be any 
language. For that matter, it could even be business data consisting mostly 
of spaces and numbers. The adaptive encoder will simply observe the 
relative frequencies of the various characters and decide on the most 
efficient encoding scheme. 

All that matters is that the distribution of character occurrences be 
highly "skewed, " with a few characters drastically outweighing all of the 
others in frequency of occurrence. 

The decoding (decompression) process is equally straightforward. The 
only complication is that the decoder must agree with the encoder as to the 
meaning of each of the symbol types (variable -length, 8-bit, 16-bit) . This 
agreement is reached by having the encoder record its substitution table at 
the front of the encoder's output file. The decoder reads this table and 
decides what the decoding rules are before reading (and expanding) the 
compressed information itself. 

Other Issues 

The encoder's output file will usually be significantly shorter than 
the original input file. I say "usually" because there are two 
circumstances under which the output file could actually end up being 
longer than the input file. 

If the four most common byte values are not drastically more common 
than all the others, then the output file will be longer than the input 
file. The "something else" values will be too frequent (an almost certain 
occurrence if the file being compressed is an executable binary program 
file. For highly technical reasons such files are nearly pseudo- random, 
with few outstandingly frequent unique byte values) . 

Also, the encoder's substitution table takes up a certain amount of 
space in the output file. If the input file were very short, the 
combination of frequency table and encoded data could be longer than the 
input data, even if that input data were otherwise compressible ASCII 
text . 

The compressed file is extremely sensitive to error because with 
variable- length Huffman coding there no longer is a one-to-one relationship 
between bytes in the original data and bytes in the compressed file. The 
corruption of even a single data bit can wreck the file. 

For example, consider the word "at," encoded as described above: 

000100 1XXXXXXXXXXXXXXXXXXXXX 

a t remainder of text 

If the fourth bit is "dropped" and thereby changed to zero, the 
decoder will not have "seen" the original "a." In fact, it will overrun the 
"t" because of the rule that says "if you see 0000, then take the next 4 
bits as ... " 

The decoder is now hopelessly de synchronized with respect to the 
original input. It will, in fact, expand the remainder of the bit stream to 
gibberish. 

For reasons of this nature, military and commercial communication and 
storage systems that employ data compression schemes invariably 
incorporate an error- correcting scheme to ensure integrity of the 
compressed data. 

Interesting Reading 

An excellent treatment of both Huffman codes and error correction is 
given in Richard Hamming's Coding and Information theory (Prentice-Hall, 
1980) . 

You should be aware that this marvelous book requires a good 
grounding in algebra and probability theory. The mathematics is 
unavoidable, but if you can cope with it, the book provides a valuable 
overview of information theory and its important major subtopics. Unlike 
most writers in the field of error correction, Hamming aspires to educate 
readers rather than to "snow" them. He succeeds, but you have to work with 
him--there is no "royal road." 
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...ABSTRACT: and monitor. Documentation is thorough, with only a few small 
problems. The MBC 1150 is an effective 8 - bit microcomputer. However, as 
more and more 16 - bit machines appear , it may become outdated. A 
photograph of the MBC 1150 is included. 
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... is fed to IC2A pin 20. 

When the buffer within the receiver is full (it contains an 8 - bit 
byte) , a load-OK signal appears at pin 22 of IC2A to inform the computer 
that it is time to send another character. This is called "handshaking." 

The parallel data word from the receiver buffer appears on pins 5 
through 12 which are directly coupled to the parallel input buffer of the 
transmitter. . . 
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8088... 
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... be quickly processed. 

The M16C/80 has also improved on its predecessor's C language code 
efficiency. Frequently used 16 - bit instructions are allocated to a 
one - byte instruction, reducing code length and execution cycles. The 
M16C/80 includes a 24-bit addressing mode, a. . . 
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data buffer memory to facilitate authentication and serial 
communications with the data terminal . 

Other features include a 16 - bit random number generator and 
voltage and frequency detect modules for increased security, as well as 
an 8 - bit basic timer for on-chip housekeeping and terminal data 
synchronization. 

Samsung's chip operating system (COS) conforms... 
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... 6 microsecond conversion time integrated on the chip. 

A 6 00ns instruction execution time at 10MHz together with eight 16 
- bit data pointers ensures maximum performance even during frequent 
external data fetches. An interrupt unit with 15 possible sources on four 
priority levels allows an improved. . . 
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dynamic performance and sampling rate specifications. The SPT7725 
digitizes a two- volt analog signal with full-scale frequency 
components to 210 MHz into 8 - bit digital words 
at conversion rates of 

up to 300 megasamples per second (MSPS) . Signal-to-noise ratio (SNR) 
with. . . 
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H8/536S from 

Hitachi America Ltd., Semiconductor & I.C. Division. Whether 
operating from 3V or 5V, these 8 / 16 - bit embedded controllers now 
operate with substantially higher clock frequencies . 

With a 3V supply, the maximum clock speed increases to 10 MHz from 5 
MHz ; with a . . . 
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150 MHZ, FLASH A/D CONVERTER 

DATEL's ADC-32 and ADC-33 are monolithic, video speed, 8 - bit flash 
converters capable of digitizing analog signals with frequency 
spectral components to 100MHz, into digital words at a 150 MSPS 
conversion rate. 

External sample -and- hold is not required for proper operation of... 
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programmable Digital data are available on a 9 
pin header on the Printed Circuit Board, thereby providing 16 bit 
output. These additional 8 bits can have a maximum clock 
frequency of 

40 MHz, giving a Digital frequency of 20 MHz and a maximum pattern 
depth of 16 . . . 
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standard 16 -bit multiplier/accumulator, is 
focused on building block and applications-oriented solutions in the 
medium- frequency /high-precision market in the 1 mHz/ 16 - bit 
range . 

GE's products targeted the high- frequency /lower-precision video 
applications in the 10-20 mHz/ 8 - bit range. 

"These DSP products will allow us to penetrate certain high-speed 
market segments sooner than we... 
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rate of 2 0 MagaSamples per 
Second (MSPS) . It is capable of converting analog signals with full 
power frequency components up to 7 MHz into 8 - bit digital words 

Input sample and hold circuits are not required. Unlike bipolar ADC 
devices, the IDT device has an... 
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... reluctance and digital state. The HP E1419A has multiple control 

capabilities, including analog voltage and current outputs, 8 - bit or 
16 - bit digital outputs, pulse output with variable frequency , 
pulse -width modulation, watchdog timeout, crank angle and stepper motor 
control . 

HP VEE is a visual environment . . . 
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. . .which have already been completed. Major growth areas for Siemens are 
expected to be communications ICs, high frequency GaAs chips, derivatives 
of DRAM technology, chip card ICs, 8 / 16 - bit microcontrollers and very 
high power semiconductors. Quarterly financial results for Siemens show the 
company on schedule to . . . 
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. . .next year (fiscal 1994/5) . Major growth areas for Siemens are expected 
to be communications ICs, high frequency GaAs chips, derivatives of DRAM 
technology, chip card ICs, 8 / 16 - bit microcontrollers and very high 
power semiconductors. Contact: Klaus H. Knapp, Siemens Semiconductors, 
tel/fax: (49) (89) 4144... 
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...the company says gives it the audio output capabilities of a 
professional MIDI synthesiser. The board's frequency range is 20Hz to 
22KHz, but it also offers 8 - bit and 16 - bit digital sampling at 
frequencies up to 48KHz. Advanced Logic has also launched a dual-speed 
CD-ROM drive which it says. . . 
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...of Microchip's current marketing strategy can be summed up in three 
letters: MCU. Or in two words : embedded control. To strengthen its 
market position in 8 - bit field programmable MCUs and allied specialty 
memories, the company has formed a new Application Specific Standard 
Product . . . 
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into the Voice Trader handset and say "Buy 100 shares of General 
Electric at 56 and a half done." The words are then processed by the 

system and appear on the screen of a PC linked to the Voice Trader 
output. The system is always open... 



15/3, K/39 (Item 7 from file: 636) 

DIALOG (R) File 636: Gale Group Newsletter DB(TM) 
(c) 2005 The Gale Group. All rts. reserv. 

01007612 Supplier Number: 40304897 (USE FORMAT 7 FOR FULLTEXT) 
FUJITSU DEVELOPS HIGH-SPEED 4 -BIT SLICE MICROPROCESSOR + 

Japan Semiconductor Scan, pN/A 
Feb 24, 1988 

Language: English Record Type: Fulltext 
Document Type: Newsletter; Trade 
Word Count: 2 70 

BIT SLICE MICROPROCESSOR, SO CALLED BECAUSE IT IS DESIGNED TO BE 
LINKED IN A SERIES TO PRODUCE 8 - BIT OR 16 - BIT MICROPROCESSORS, HAS 
A CLOCK FREQUENCY OF 770 MEGAHERTZ (A MEGAHERTZ EQUALS 1 MILLION CYCLES 
PER SECOND) , WHICH IS 25 TIMES FASTER THAN. . . 
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... terminal. The device features a CPU core based on a 16-bit address 

bus, and includes a 16 - bit random- number generator and voltage and 
frequency detect modules for increased security, as well as an 8 - bit 
basic timer for on-chip housekeeping and terminal data synchronization, 
according to Samsung. 

The chip's operating... 
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The SPT7725 digitizes a 2-volt analog signal with full-scale 
frequency components to 210MHz into 8 - bit digital words at 
conversion rates up to 300 megasamples per second (MSPS) . Signal-to-noise 
ratio (SNR) with a... 
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ABSTRACT : 

. . .DRAM. The 2 firms will initially make 4 versions of 16 -Mbit synchronous 
DRAMs consisting of 2M- words x 8 bits and operating at frequencies 
of 66- and 100-MHz. 
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...Development, Natick, Mass., reveals that 52.3% of U.S. shipments of 
batch-mode PDCTs now feature 8 - bit or 16 - bit microprocessors. 
Rapidly- evolving radio frequency (RF) technology has also enhanced the 
utility of the devices by allowing users to operate in real... 
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... at what the competition is doing." 

16 -Bit Growth 

Standard Microsystems has found that while demand for 8 - bit 
Ethernet adapter cards remains strong, the major growth is occurring in 
its 16 - bit line. According to Kristine Stewart, director of channel 
marketing at Standard Microsystems, there is a lot of... 
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emulating the feel of an arcade, " Cook said. "We try to duplicate 
it within the limits of 8 - bit and 16 - bit systems." 

The exception to the strategy appears to be Battletoads . The game 
grew from a agreement with Rare Inc. and has spawned a series. . . 



15/3, K/46 (Item 7 from file: 16) 

DIALOG(R) File 16:Gale Group PROMT (R) 
(c) 2005 The Gale Group. All rts. reserv. 

01259451 Supplier Number: 41463501 (USE FORMAT 7 FOR FULLTEXT) 
NEC sees late '91 as watershed for 16 -bit: Company projects majority 
control for newest generation of game devices 

HFD-The Weekly Home Furnishings Newspaper, vO, nO, p8 7 
July 30, 1990 

Language: English Record Type: Fulltext Abstract 
Document Type: Magazine/ Journal ; Trade 
Word Count: 867 

ABSTRACT : 

...bit versions marketed by Sega and Nintendo of America Inc. 

Even Nintendo, which has staunchly backed its 8 - bit system, appears 



poised to enter the 16 - bit arena. In June, Nintendo Co., the parent 
company of the American subsidiary, unveiled its 16-bit Super... 

bit versions marketed by Sega and Nintendo of America Inc. 
Even Nintendo, which has staunchly backed its 8 - bit system, 
appears poised to enter the 16 - bit arena. In June, Nintendo Co., the 
parent company of the American subsidiary, unveiled its 16 -bit Super. . . 
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... 5-V TTL or 12-V CMOS. Data are available within a maximum of 45-ns 
in 2 bytes over an 8 - bit bus. The device's reference frequency 

ranges from 400-Hz to 20,000-Hz. 
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. . . UPD41101C operates at a read write/write cyle time of 34-ns or 8X 
the chroma subcarrier frequency in an optimum cell arrangement of 10 
words x 8 bits . 
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. . . software compatibility between their 16 -bit machines and the future 
32-bit generations- -a compatibility that is frequently missing between 8 
bit machines and 16 - bit products. Microprocessor makers won't 
introduce the 3 2 -bit machines until the market is really ready to. . . 
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... prescaler value. You can modify Figure la's circuit using a 

PICmicro (micro) C to implement a 16 - bit frequency counter (Figure 
lb) . 



(Figure la- lb ILLUSTRATION OMITTED) 

This circuit uses the internal 8 - bit prescaler to divide the 
incoming frequency . The circuit feeds the output of the prescaler to the 
8 - bit timer, (TMR.sub.O), for measurement. As with Figure la's circuit, 
once the gate time is... 

...until the 8-bit timer/counter, (TMR.sub.O), increments by 1. In this 
case, the lower 8 - bit value of the measured frequency equals 256-N. 
The (micro) C then concatenates the value of the counter with the 8 -bit 
timer's value to give a 16 - bit value of the measured frequency . 

Figure lc shows a further simplification of the circuit in Figure lb 
by replacing the NAND gates . . . 
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